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METHODS AND APPARATUS FOR PROCESSING MICROFEATURE 
WORKPIECES; METHODS FOR CONDITIONING ALD REACTION CHAMBERS 

TECHNICAL FIELD 

[0001] The present invention is related to equipment and methods for processing 

microfeature workpieces, e.g., semiconductor wafers. Aspects of the invention 
have particular utility in connection with deposition of materials on microfeature 
workpieces by atomic layer deposition. 

BACKGROUND 

[0002] Thin film deposition techniques are widely used in the manufacturing of 

microfeatures to form a coating on a workpiece that closely conforms to the 
surface topography. In the context of microelectronic components, for example, 
the size of the individual components in the devices on a wafer is constantly 
decreasing, and the number of layers in the devices is increasing. As a result, the 
density of components and the aspect ratios of depressions (e.g., the ratio of the 
depth to the size of the opening) are increasing. Thin film deposition techniques 
accordingly strive to produce highly uniform conformal layers that cover the 
sidewalls, bottoms, and corners in deep depressions that have very small 
openings. 

[0003] One widely used thin film deposition technique is chemical vapor 

deposition (CVD). In a CVD system, one or more precursors that are capable of 
reacting to form a solid thin film are mixed in a gas or vapor state, and then the 
precursor mixture is presented to the surface of the workpiece. The surface of the 
workpiece catalyzes the reaction between the precursors to form a solid thin film 
at the workpiece surface. A common way to catalyze the reaction at the surface 
of the workpiece is to heat the workpiece to a temperature that causes the 
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reaction. Such CVD processes are routinely employed in many stages of 
microelectronic component manufacture, for example. 

[0004] Thin layers of titanium nitride have utility in a number of applications. For 

example, the electrical conductivity of TiN makes it a useful component of 
microelectronic capacitors used in DRAM cells. (See, e.g., U.S. Patent No. 
6,211,033, the entirety of which is incorporated herein by reference, which 
suggests depositing titanium nitride or titanium carbonitride as part of a 
microelectronic capacitor electrode.) When processing individual wafers in 
single-wafer CVD reactors, the wafer is heated to the requisite reaction 
temperature by a heating plate in contact with the wafer. 

[0005] When the precursors are introduced to the chamber, a secondary deposit 

of the reaction product may accumulate on the walls of the process chamber as 
well. This reaction product will build up over time as successive microfeature 
workpieces are treated. This build-up can be uneven and can be subject to 
thermal stresses caused by the variations in temperature encountered when 
heating successive wafers to the requisite deposition temperature. Over time, 
the coating can degrade and begin to spall or shed particles that may render the 
finished workpieces commercially unsalable. In so-called "cold-wall" reactors, the 
walls of the reactor are cooler than the wafer and less of the reaction product may 
be deposited on the walls. Cold-wall reactors also reduce the thermal stresses on 
the secondary deposit by reducing the amplitude of the temperature cycle 
encountered in treating successive workpieces. Yet, even cold-wall reactors start 
to deposit particles on the workpieces after a time. 

[0006] To reduce the risk of particle contamination, the interior of the reaction 

chamber must be cleaned from time to time. For example, a plasma of an etchant 
gas (e.g., NF 3 ) can be introduced to the chamber to remove the build-up from the 
chamber walls. Such plasma cleaning processes or thermal cleaning processes 
(also known in the art) can lead to other particle problems, though. For example, 
fluorine from NF 3 etchant gas can remain on the walls of the reactor and promote 
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shedding of the secondary deposits on the chamber walls. As a result, the walls 
of these reactors are commonly conditioned after cleaning by applying a layer of 
the material to be deposited on the workpieces on the chamber wall before any 
workpieces are deposited. 
[0007] Single-wafer reactors have limited throughput. To increase throughput, 

CVD reactors may be adapted to process a plurality of wafers (e.g., 20-250) 
simultaneously in a batch process. Such batch CVD reactors have proven very 
cost-effective for many materials. For some other materials, though, batch CVD 
processes are not commercially viable. For example, attempts to develop batch 
CVD processes to deposit TiN on microfeature workpieces in commercial 
production have had little success. One of the problems encountered in batch 
TiN deposition via CVD is excessive particle generation. Even with a regular 
cleaning regimen, batch CVD reactors used to deposit TiN shed particles to the 
extent that product losses and quality control problems often outweigh the 
commercial advantages otherwise achievable in a batch process. Consequently, 
applying TiN films using batch CVD has met with very limited commercial 
acceptance. 

[0008] Atomic layer deposition (ALD) is a thin film deposition technique gaining 

prominence in deposition of TiN and other materials on microfeature workpieces. 
Figures 1A and 1B schematically illustrate the basic operation of ALD processes. 
Referring to Figure 1A, a layer of gas molecules A coats the surface of a 
workpiece W. The layer of A molecules is formed by exposing the workpiece W 
to a precursor gas containing A molecules, and then purging the chamber with a 
purge gas to remove excess A molecules. This process can form a monolayer of 
A molecules on the surface of the workpiece W because the A molecules at the 
surface are held in place during the purge cycle by physical adsorption forces at 
moderate temperatures or chemisorption forces at higher temperatures. The layer 
of A molecules is then exposed to another precursor gas containing B molecules. 
The A molecules react with the B molecules to form an extremely thin layer of 
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solid material C on the workpiece W. Such thin layers are typically less than 1 nm 
(and usually less than 2A) thick and are referred to herein as nanolayers. For 
example, each cycle may form a layer having a thickness of approximately 0.5- 
1 .OA. The chamber is then purged again with a purge gas to remove excess B 
molecules. 

[0009] Films deposited via ALD tend to have higher purity and better conformality 

to microfeature topography than analogous films deposited via CVD. In addition, 
ALD is often carried out a lower temperature than CVD processes to deposit 
analogous materials, reducing thermal stresses on material built up on the inner 
surfaces of the process chamber. As a consequence, some of the difficulties 
encountered when depositing TiN in a batch CVD process can be ameliorated 
and batch ALD processing is garnering attention as a commercially viable process 
for depositing thin films of TiN on microfeature workpieces. Increasing throughput 
of batch ALD systems would further enhance the commercial benefit of such 
systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Figures 1A and 1B are schematic cross-sectional views of stages in ALD 

processing in accordance with the prior art. 
[0011] Figure 2 is a schematic cross-sectional view of a microfeature workpiece 

processing system in accordance with an embodiment of the invention. 
[0012] Figure 3 is a flow chart schematically outlining aspects of a method in 

accordance with an embodiment of the invention. 
[0013] Figure 4 is a schematic illustration of one exemplary process for pretreating 

an inner surface of an ALD process chamber. 
[0014] Figure 5 is a schematic illustration of one exemplary process for depositing 

material on a surface of a microfeature workpiece. 
[0015] Figure 6 is a schematic illustration of an alternative process for depositing 

material on a surface of a microfeature workpiece. 
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DETAILED DESCRIPTION 

A. Overview 

[0016] Various embodiments of the present invention provide microfeature 

workpiece processing systems and methods for depositing materials onto 
microfeature workpieces. Many specific details of the invention are described 
below with reference to exemplary systems for depositing materials onto 
microfeature workpieces. The term "microfeature workpiece" is used throughout 
to include substrates upon which and/or in which microelectronic devices, 
micromechanical devices, data storage elements, read/write components, and 
other features are fabricated. For example, microfeature workpieces can be 
semiconductor wafers such as silicon or gallium arsenide wafers, glass 
substrates, insulative substrates, and many other types of materials. The 
microfeature workpieces typically have submicron features with dimensions of 
0.05 microns or greater. Furthermore, the term "gas" is used throughout to 
include any form of matter that has no fixed shape and will conform in volume to 
the space available, which specifically includes vapors (i.e., a gas having a 
temperature less than the critical temperature so that it may be liquefied or 
solidified by compression at a constant temperature). Several embodiments in 
accordance with the invention are set forth in Figures 2-6 and the following text to 
provide a thorough understanding of particular embodiments of the invention. A 
person skilled in the art will understand, however, that the invention may have 
additional embodiments, or that the invention may be practiced without several of 
the details of the embodiments shown in Figures 2-6. 

[0017] For ease of understanding, the following discussion is subdivided into two 

areas of emphasis. The first section discusses aspects of processing systems 
that may be used in accordance with selected embodiments of the invention. The 
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second section outlines methods in accordance with other aspects of the 
invention. 

B. Microfeature Workpiece Processing System 

[0018] Figure 2 schematically illustrates a reactor 10 in accordance with one 

embodiment of the invention. This reactor 1 0 includes a processing enclosure 20 
coupled to a gas supply 30 and a vacuum 40. The processing enclosure 20 
generally includes an outer wall 22 and an annular liner 24. A platform 60 seals 
against the outer wall or some other part of the enclosure 20 to define a 
deposition chamber 25. The liner 24 functionally divides the deposition chamber 
25 into a main chamber 28 and an annular exhaust 26. The deposition chamber 
25 also includes inner surfaces 23. The inner surfaces 23 may comprise an inner 
surface of the outer wall 22 (including the dome at the top of the enclosure 20), 
the surfaces of at least a portion of the liner 24, and the surfaces of the workpiece 
holder. 

[0019] One or more microfeature workpieces W, e.g., semiconductor wafers, may 

be positioned in the deposition chamber 25 for processing. In the illustrated 
embodiment, a plurality of microfeature workpieces W is held in the processing 
enclosure in a workpiece holder 70. It should be understood that Figure 3 is 
merely schematic in nature and any number (e.g., 20-250) of workpieces W may 
be held in the workpiece holder 70 for simultaneous batch processing. 

[0020] The reactor 10 also includes at least one heat source to heat the 

workpieces W and maintain them at the desired temperature. The heat source in 
Figure 2 is typified as a radiant heater 50 comprising a series of radiant heat 
panels 50a and 50b arranged about a circumference of the enclosure 20 to evenly 
heat the workpieces W. In one embodiment, these heat panels 50a-b comprise 
quartz-halogen lamps or other types of radiative heat sources. In other 
embodiments, other types of heat sources may be employed. The heater 50 may 
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also include a power supply 52 that is coupled to the first heat panel 50a by a first 
power line 54a and to the second heat panel 50b by a second power line 54b. 

[0021] Gas is introduced from the gas supply 30 to the deposition chamber 25 by 

a gas line 32 and an inlet 36. The inlet 36 directs a flow of gas into the main 
chamber 28 of the deposition chamber 25. Under influence of the vacuum 40, gas 
introduced via the gas inlet 36 will flow through the main chamber 28, outwardly 
into the annular exhaust 26, and out of the deposition chamber 25. A valve 
assembly 34 in the gas line 32 may be operated by a controller 90 to deliver 
gases to the deposition chamber 25 during the deposition phase. In one 
embodiment, the controller 90 comprises a computer having a programmable 
processor programmed to control operation of the reactor 1 0 to deposit material 
on the workpieces W in accordance with one or more of the methods outlined 
below. The controller 90 may be coupled to the vacuum 40 to control its 
operation. The controller 90 may also be operatively connected to the heater 50, 
e.g., via the power supply 52, to control the temperature of the workpieces W. 

[0022] Some aspects of the gas supply 30 will depend on the nature of the 

deposition process to be carried out in the reactor 10. In one embodiment, the 
reactor 1 0 is adapted to carry out an ALD process employing multiple precursors. 
The gas supply 30 in such embodiments can include a plurality of separate gas 
sources 31a-c and the valve assembly 34 may have a plurality of valves. For 
example, the gas supply 30 may include one or more precursors capable of 
reacting to deposit titanium nitride. In one such implementation, the first gas 
source 31a is adapted to deliver TiCI 4 , the second gas source 31b is adapted to 
deliver NH 3 , and the third gas source 31c is adapted to deliver a flow of a purge 
gas, e.g., nitrogen. In another implementation, the first gas source 31a is adapted 
to deliver an organotitanate, e.g., tetrakis(dimethylamido)titanium (TDMAT), and 
the second gas source 31b is adapted to deliver a nitrogen carrier gas. The third 
gas source 31c may be omitted in the latter implementation, or the third gas 
supply 31c may include a supply of SiH 4 or other material comprising silicon for 
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purposes of depositing a layer of polysilicon in accordance with other aspects of 
the invention. 

C. Methods for Processing Microfeature Workpieces 

[0023] As noted above, embodiments of the invention provide methods for 

processing microfeature workpieces. In the following discussion, reference is 
made to the reactor 10 shown schematically in Figure 2. It should be understood, 
though, that reference to this particular reactor 10 is solely for purposes of 
illustration and that the methods outlined below are not limited to any particular 
processing system. 

[0024] Figure 3 schematically illustrates a manufacturing process 100 in 

accordance with one particular embodiment of the invention. As discussed below, 
aspects of the invention pretreat the interior surface 23 of an ALD reactor 10 
using chemical vapor deposition (CVD) and deposit materials on surfaces of 
microfeature workpieces via atomic layer deposition (ALD). Both CVD and ALD, 
as used herein, involve the use of at least one chemical species that can 
decompose or can react with another chemical species to form a desired material. 
Such chemical species are referred to herein as "precursors." One of the 
differences between a CVD process employing two or more precursors and an 
ALD process employing two or more precursors is the relative timing of the 
delivery of the precursors to the process chamber 25. In CVD processes, both of 
the precursors are simultaneously present in and react in a space adjacent a 
surface; in conventional ALD processes, the precursors are introduced separately 
and primarily react directly on the surface of the workpiece W. 

[0025] The manufacturing process 100 of Figure 3 starts at operation 102 with 

cleaning the interior surface 23 of the process chamber 25. If the enclosure 20 of 
the reactor 10 is new, this operation 102 can be skipped. After the reactor 10 has 
been used for some time, though, material will build up on the inner surface 23, 
which can adversely affect the quality of microfeature workpieces W treated in the 
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process chamber 25. Some or all of this material build-up can be removed in 
operation 102 in any suitable fashion. In one embodiment, the material build-up 
can be removed by exposing the interior of the process chamber 25 to a thermal 
etch or a plasma etch, e.g., a plasma of nitrogen trifluoride (NF 3 ). In some other 
circumstances, it may be advantageous to actually dip the outer wall 22 and/or the 
liner 24 of the enclosure 20 in an enchant liquid. Such cleaning procedures are 
well known in the art. 

[0026] After the inner surface 23 of the process chamber 25 has been suitably 

cleaned, the inner surface 23 can be pretreated, e.g., to reduce particle problems 
in subsequent ALD processing in the reactor 10. Figure 3 schematically 
illustrates aspects of a chamber pretreatment process 1 10 in accordance with one 
embodiment of the invention. Generally, the chamber pretreatment process 110 
comprises depositing a coating, which may comprise at least one CVD-deposited 
layer of a pretreatment material. In some embodiments, the chamber 
pretreatment process 1 10 is carried out without a microfeature workpiece W in the 
process chamber 25. This allows the pretreatment material to be deposited on 
the inner surface 23 of the process chamber 25 at an optimized rate without 
having to meet the stringent quality requirements for layer(s) of material deposited 
on microfeature workpieces W. 

[0027] In one embodiment, the chamber pretreatment process 110 may initially 

comprise depositing a layer of polycrystalline silicon (commonly referred to as 
"polysilicon" or just "poly") on the inner surface 23 of the process chamber 25 
(process 115 in Figure 3). This may accomplished, for example, by heating the 
outer wall 22 and/or the inner wall 24 to a suitable temperature (e.g., about 
550°C) and delivering a silane gas (e.g., SiH 4 ) to the process chamber 25. 
Techniques for depositing relatively high-quality layers of polysilicon using silane 
precursors is well known in the art. This polysilicon layer will define a first layer of 
a coating formed on the inner surface 23 of the process chamber 25 and the 
pretreatment material formed in processes 120-125 may form the balance of the 
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coating. It is anticipated that depositing a polysilicon layer before the 
pretreatment material will promote adhesion of the pretreatment material to the 
inner surface 23. 

[0028] In process 120, a first pretreatment precursor and a second pretreatment 

precursor may be introduced to the process chamber 25 contemporaneously, i.e., 
during an overlapping period of time. The first and second pretreatment 
precursors may be selected to deposit a desired pretreatment material on the 
inner surface 23 of the reaction chamber 25 via CVD. During introduction of the 
first and second pretreatment precursors in process 120, process conditions in 
the process chamber 25 may be maintained to promote reaction of the precursors 
to deposit the pretreatment material on the inner surface 23 of the process 
chamber 25. In one particular embodiment, the first pretreatment precursor 
comprises titanium and chlorine (e.g., TiCI 4 ) and the second pretreatment 
precursor comprises nitrogen (e.g., NH 3 ). Suitable temperatures, pressures, and 
flow rates of such gases to deposit TiN are well known and may be optimized 
readily by those skilled in the art. 

[0029] After a suitable thickness of the pretreatment material is deposited on the 

inner surface 23 of the process chamber 25, the flow of at least one of the 
precursors into the process chamber 25 may be terminated. The thickness of this 
pretreatment material may be optimized for the particular process conditions 
employed to process workpieces in the ensuing steps of the manufacturing 
process 100. The thickness of the pretreatment material may vary from one 
location on the inner surface 23 of the process chamber 25 to another. In some 
embodiments of the invention wherein the pretreatment material comprises TiN, 
though, an average thickness of the TiN on an inner surface of the liner 24 is less 
than 1000A, e.g., about 500A or less, with a thickness of about 100-200A 
expected to work well for many applications. 

[0030] Figure 4 schematically illustrates one exemplary gas flow pattern for 

processes 120 and 125 of Figure 3. In particular, Figure 4 plots the flow rate of 
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several gases over time. In this gas introduction process 120, a gaseous first 
pretreatment precursor flow 121 and a gaseous second pretreatment precursor 
flow 122 are contemporaneously delivered to the process chamber 25 of the 
reactor 10. This may be accomplished by controlling the valve assembly 34 to 
deliver the first precursor, e.g., TiCI 4 , from the first gas source 31a and the second 
precursor, e.g., NH 3 , from the second gas source 31b. Both of these gases are 
delivered to the main chamber 28 of the process chamber 25 via the gas inlet 36 
and allowed to contact the inner surface 23 of the process chamber 25. In Figure 
4, the first gas flow 121 and the second gas flow 122 are shown as starting and 
ending at substantially the same time. In other embodiments, the first gas flow 
121 may start before or after the second gas flow 122 is initiated and the first gas 
flow 121 may be terminated before or after the second gas flow 122 is terminated. 
In each of these cases, the first gas flow 121 and the second gas flow 122 may be 
said to be contemporaneous if they occur simultaneously over a material period of 
time, i.e., they need not start and/or stop at the same time. 

[0031] Figure 4 also schematically illustrates delivery of a purge/carrier gas flow 

123. In this embodiment, the purge gas may be delivered to the process chamber 
25 before initiating the first and second gas flows 121 and 122 and again 
delivered after the first and second gas flows 121 and 122 are terminated. Such a 
purge gas flow 123 may be used in conjunction with the vacuum 40 to purge any 
residual etchant (e.g., NF 3 ) from the process chamber 25. In other embodiments, 
the purge/carrier gas may be delivered at the same time as the first and second 
gaseous precursors, in which case it serves as a more conventional carrier gas to 
provide adequate gas flow and to control the concentration of the precursors in 
the gas flow. In the context of Figure 4, the third gas flow 123 may be delivered 
by selectively controlling the valve assembly 34 to deliver the purge gas from the 
third gas source 31c to the gas inlet 36. 

[0032] As illustrated in Figure 3, the chamber pretreatment process 110 may also 

include introducing a reducing gas to the process chamber 25 in process 130 

[1 0829-871 5-US0O0O/SLO3083O.355] -11- 8/21/03 



Attorney Docket No. 1 0829871 5US 
Disclosure No. 03-0117 

after the flow of at least one of the pretreatment precursors has been terminated 
in process 125. The reducing gas can improve the quality of the pretreatment 
material deposited on the inner surface 23 of the reaction chamber 25 by serving 
as a "getter" of contaminants. For example, if the first and second pretreatment 
precursors comprise TiCI 4 and NH 3 , some residual amount of chlorine may be 
retained in the pretreatment material. Contacting this pretreatment material with a 
reducing gas at an appropriate temperature can remove at least some of the 
excess chlorine from the pretreatment material. In another embodiment, the 
pretreatment material is instead formed using an organotitanate (e.g., TDMAT) as 
the first precursor and nitrogen gas as the second precursor; delivering a 
reducing gas to the process chamber 25 in process 1 30 may help scavenge any 
carbon (e.g., in the form of TiC) included in the deposited TiN. (See, e.g., U.S. 
Patent No. 5,956,613, the entirety of which is incorporated herein by reference.) 
The reducing gas employed in the optional treatment of process 130 may 
comprise one or more of a variety of hydrogen-containing gases; hydrogen and 
ammonia are expected to be suitable reducing gases for many applications. 
Using ammonia as the reducing gas can be particularly convenient in 
circumstances where ammonia is used as one of the pretreatment precursors in 
processes 120-125. If the pretreatment material comprises TiN deposited using 
TiCI 4 and NH 3 , for example, the reducing gas may be introduced in process 130 
by terminating the flow of the TiCI 4 precursor and allowing the NH 3 flow to 
continue for an additional period of time. 
[0033] In the manufacturing process 1 00, the process chamber 25 may be cleaned 

intermittently. As discussed below, this cleaning process may be conducted after 
a fixed number (n max in process 190) of cycles for processing individual 
workpieces W (e.g., for single-workpiece systems) or batches of workpieces W 
(e.g., for the batch system shown in Figure 2). A workpiece cycle counter n may 
be reinitialized at zero in process 135 to reflect that no workpiece process cycles 
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have been conducted in the reactor 10 since the cleaning 102 and pretreatment 
1 10 of the processing chamber 25. 
[0034] In process 140, one or more microfeature workpieces may be positioned in 

the cleaned and pretreated process chamber 25. As noted above, embodiments 
of the invention have particular utility in batch ALD applications. In such 
embodiments, a number of microfeature workpieces W may be positioned in a 
workpiece holder 70 and the workpiece holder 70 may be loaded in the process 
chamber 25. 

[0035] A deposition product may be deposited on the surface(s) of the 

microfeature workpiece(s) W in the process chamber 25 using an ALD process 
150. This ALD process 150 may generally include introducing a quantity of the 
first deposition precursor (process 155), optionally purging the process chamber 
25 (process 160), introducing a quantity of a second deposition precursor 
(process 165), and optionally purging the process chamber 25 again. This ALD 
deposition process 150 may be carried out at processing conditions (e.g., 
temperature and flow rate) appropriate for the precursors selected. In one 
embodiment, the ALD-deposited material may comprise a primary species that is 
the same as a primary species of the pretreatment material deposited in 
processes 120-130 of the chamber pretreatment process 110. For example, both 
the pretreatment material and the deposition product deposited on the 
microfeature workpieces in the ALD process 150 may comprise TiN. If the 
primary species is the same for both of these deposited materials, the first and 
second pretreatment precursors introduced in process 120 may comprise the 
same precursors employed in the ALD process 1 50. 

[0036] Figure 5 is a schematic plot of gas flow rates as a function of time in 

accordance with one embodiment of the ALD process 150 of Figure 3. In this 
ALD process 150, discrete quantities of the first deposition precursor are 
delivered in first precursor pulses 155a and 155b. Discrete quantities of the 
second deposition precursor are delivered to the process chamber 25 in second 
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precursor pulses 165a and 165b. The first pulses 155 and second pulses 165 are 
delivered at different times in an alternating fashion. 
[0037] Moving down the timeline of Figure 5, one pulse 1 55a of the first precursor 

may be delivered to the process chamber 25 to contact the surfaces of the 
microfeature workpieces W. The precursor may be at least chemisorbed on the 
workpiece W. Theoretically, such chemisorbtion will form a monolayer that is 
uniformly one molecule thick on the entire surface of the workpiece W. Such a 
monolayer may be referred to as a saturated monolayer. As a practical matter, in 
some circumstances some minor portions of the workpiece surface may not 
chemisorb a molecule of the precursor. Nevertheless, such imperfect monolayers 
are still referred to herein as monolayers. In many applications, a substantially 
saturated monolayer may be suitable. A substantially saturated monolayer is a 
monolayer that will yield a deposited layer exhibiting the requisite quality and/or 
electrical properties. 

[0038] An excess of the first precursor is typically delivered to the process 

chamber 25. This excess first precursor can be purged from the vicinity of the 
workpiece surfaces in process 160. Purging may involve a variety of techniques, 
including any combination of contacting the substrate and/or monolayer with a 
purge gas and/or lowering pressure in the process chamber 25 to below the 
pressure needed to deposit the precursor on the workpiece surface. Examples of 
suitable purge gases include nitrogen, argon, helium, neon, krypton, and xenon. 
In the particular embodiment shown in Figure 5, a first pulse 162a of the purge 
gas is delivered to the process chamber 25 and a majority or all of this purge gas 
pulse 162a may take place after the first precursor pulse 155a is completed. The 
purge process shown in Figure 5 also includes a pump-down process 164a 
wherein the vacuum 40 will withdraw gas from the process chamber 25 without 
introducing any additional gas from the gas supply 30. The parameters of the 
purge pulse 162a and pump-down 164a may be determined experimentally, as 
known in the art. The pump-down time and/or the quantity of purge gas in the 

[1 0829-871 5-US0000/SL030830.355] -14- 8/21/03 



Attorney Docket No. 1 0829871 5US 
Disclosure No. 03-0117 

pulse 162a may be successively reduced until the film growth rate increases. 
Such an increase in film growth rate may be deemed an indication that excess 
quantities of the first precursor remain in the process chamber 25, which may be 
used to establish a minimum purge gas quantity and/or purge time. 

[0039] Once the process chamber 25 has been suitably purged, a pulse 165a of 

the second gaseous precursor may be delivered to the process chamber 25. This 
second precursor may chemisorb on the first monolayer of the first precursor 
and/or react with the monolayer to form a reaction product. This reaction product 
is typically one or no more than a few molecules thick, yielding a very thin, highly 
conformal nanolayer reaction product. After a suitable exposure to the second 
gaseous precursor, the second precursor pulse 165a may be terminated and the 
process chamber 25 may be purged again with a pulse 172a of purge gas and/or 
a pump-down process 1 74a. 

[0040] As suggested in Figure 5, the pair of precursor pulses 155a and 165a, 

together with the associated pulses 162a and 172b of purge gas and/or pump- 
down processes 164a and 174b, may be considered one cycle. This cycle will 
form a nanolayer that is usually thinner than the desired total thickness, with 
typical thicknesses of just 1 or 2 molecules (e.g., less than 1 nm, often less than 
2A). As a consequence, the cycle is often repeated numerous times to yield a 
layer with an appropriate thickness. Hence, the manufacturing process 100 of 
Figure 3 may include determining in process 175 whether the material deposited 
on the microfeature workpieces W is thick enough. In many circumstances, this 
determination will comprise determining whether a fixed number of ALD cycles, 
which has been empirically determined to deposit an adequate thickness, has 
been performed. If a sufficient thickness has not been deposited, the ALD 
process 150 may be repeated by returning to process 155 in Figure 3. This is 
illustrated in Figure 5 as a second cycle that involves delivering a further pulse 
1 55b of the first precursor, purging the process chamber 25 with a further purge 
gas pulse 162b and pump-down 164b, subsequently delivering another second 
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precursor pulse 165b, and again purging the process chamber 25 with another 
purge gas pulse 172b and pump-down 174b. This ALD process 150 can be 
repeated as many times as necessary to yield a layer of the desired thickness. 

[0041] Figure 6 schematically illustrates a gas flow profile analogous to Figure 5, 

but illustrating an ALD process 151 in accordance with another embodiment of the 
invention. In this ALD process 151, pulses 155a-d of the first gaseous precursor 
are alternated with pulses 165a-d of the second gaseous precursor. This is 
similar in some respects to the pulses 155 and 165 illustrated in Figure 5. 
However, there is no purge process (160 or 170 in Figure 5) between delivery of 
successive quantities of the first and second precursors. Hence, in Figure 6, the 
first pulse 165a of the second gaseous precursor may immediately follow 
completion of the first pulse 155a of the first gaseous precursor. Likewise, the 
next pulse 155b of the first precursor may immediately follow termination of the 
first pulse 165a of the second precursor. In this process, a monolayer of the first 
precursor may be deposited on the surface of the microfeature workpiece W prior 
to delivery of the pulse of the second precursor. Without the purge phase, 
though, some of the first precursor may remain in the vicinity of the workpiece W 
when the next pulse of the second gaseous precursor is initiated. This may result 
in a gaseous phase reaction between the precursors in a gaseous, unbound 
phase, leading to direct deposition of the reaction product on the surface of the 
workpiece W, and an increase in the rate of film formation. By appropriately 
selecting the process conditions and the timing of the pulses 155 and 165, 
though, this CVD-like secondary deposition may be held in check and may not 
significantly adversely affect the quality of the ALD-deposited material. 

[0042] In other embodiments, the process chamber 25 may be purged between 

some, but not all, precursor pulses. For example, one pulse (e.g., 155a) of the 
first precursor and one pulse (e.g., 165a) of the second precursor may form one 
cycle of material deposition. A purge process, which may comprise delivery of a 
purge gas and/or a pump-down of the process chamber 25, may be performed 
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between cycles to better promote deposition of a monolayer of the first precursor 
on the layer of material deposited in the previous cycle. 
[0043] The process 151 shown in Figure 6 may not technically conform to 

conventional definitions of atomic layer deposition because remnants of one 
precursor are present when the subsequent precursor is introduced. 
Nonetheless, it is anticipated that such a "pseudo-ALD" process may be useful in 
depositing some materials, e.g. layers of TiN. As a consequence, the term "ALD" 
is used herein to refer to both conventional ALD, (e.g., deposition via the process 

150 illustrated in Figure 5) and "pseudo-ALD" (e.g., deposition via the process 

151 shown in Figure 6). 

[0044] As noted above, if the thickness of the material deposited via the ALD 

process 150 is determined insufficient in process 175, the ALD process 150 may 
be repeated. If the deposited reaction product has a thickness at least as great 
as a target thickness (e.g., if the ALD process 150 has been repeated a fixed 
number of times), though, the microfeature workpiece W will be removed from the 
process chamber 25 in process 180. The workpiece cycle counter n, which was 
initialized at 0 in process 135, may be incremented by one in process 185 to 
indicate that another workpiece cycle has been completed. In process 190, the 
workpiece cycle counter n is compared to a fixed number n max of permissible 
cycles. The number n max of permissible cycles may be determined empirically to 
strike a balance between increasing throughput by reducing cleaning frequency 
and cleaning often enough to maintain an acceptable quality level of the 
processed microfeature workpieces W. If the number of batches of microfeature 
workpieces W treated is less than the maximum permissible number n maXl another 
batch of microfeature workpieces W may be positioned in the process chamber 25 
for processing (process 140). If the permissible number n max of workpiece batches 
has been processed, the process chamber 25 may be cleaned again in process 
102, starting the manufacturing process 100 again. 
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[0045] The above-detailed embodiments of the invention are not intended to be 

exhaustive or to limit the invention to the precise form disclosed above. Specific 
embodiments of, and examples for, the invention are described above for 
illustrative purposes, but those skilled in the relevant art will recognize that 
various equivalent modifications are possible within the scope of the invention. 
For example, whereas steps are presented in a given order, alternative 
embodiments may perform steps in a different order. The various embodiments 
described herein can be combined to provide further embodiments. 

[0046] Unless the context clearly requires otherwise, throughout the description 

and the claims, the words "comprise," "comprising," and the like are to be 
construed in an inclusive sense as opposed to an exclusive or exhaustive sense, 
i.e., in a sense of "including, but not limited to." Use of the word "or" in the claims 
in reference to a list of items is intended to cover a) any of the items in the list, b) 
all of the items in the list, and c) any combination of the items in the list. 

[0047] In general, the terms used in the following claims should not be construed 

to limit the invention to the specific embodiments disclosed in the specification 
unless the above-detailed description explicitly defines such terms. While certain 
aspects of the invention are presented below in certain claim forms, the inventors 
contemplate various aspects of the invention in any number of claim forms. 
Accordingly, the inventors reserve the right to add additional claims after filing the 
application to pursue such additional claim forms for other aspects of the 
invention. 
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